McGinn & Gibb, PLLC 
A Professional Limited Liability Company 
Patents, Trademarks, Copyrights, and Intellectual Property Law 
8321 Old Courthouse Road, Suite 200 
VIENNA, VIRGINIA 22182-3817 
Telephone (703) 761-4100 
Facsimile (703) 761-2375; (703) 761-2376 



APPLICATION 
FOR 
UNITED STATES 
LETTERS PATENT 



APPLICANT'S: Terukazu NAKAJIMA 

Suzo HIRAKUSHI 

/? 

FOR: TORQUE DETECTOR AND METHOD OF 

MANUFACTURING HOUSING OF TORQUE 
DETECTOR 



DOCKET NO.: 



K06-165687M/TBS 



04- 1-29; 2 : 1 2PM;N6B 



McGINN & GIBB ; 81 3 5561 39 54 



# 7/ 34 



TORQUE DETECTOR AND METHOD OF MANUFACTURING HOUSING OF 

TORQUE DETECTOR 

BACKGROUND OF THE INVENTION 
5 The present invention relates to a torque detector 

for detecting a rotating torque exerted on a steering 
member for steering in, for example, an electric power 
steering apparatus, and a method of manufacturing a 
housing of the torque detector. 

10 

There is an electric power steering apparatus in which 
a motor for assisting a steering in accordance with the 
rotating operation of a steering member for steering (for 
instance, a steering wheel) is driven to transmit the 

15 torque of the motor to a steering mechanism and assist 
the steering. in the power steering apparatus, the 
rotating torque exerted on the steering member needs to 
be detected to use the rotating torque for controlling 
to drive the motor for assisting the steering- For 

20 detecting the rotating torque, a torque detector formed 
halfway a rotating shaft (column shaft) connecting the 
steering member to the steering mechanism has been 
hitherto employed . 

25 In the torque detector, the column shaft is divided 
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into a first shaft and a second shaft connected in the 
coaxial direction through a torsion bar having a small 
diameter. When the steering member for steering is 
rotated, a relative angular displacement is generated 
5 between the first and second shafts accompanied by the 
displacement of the torsion bar due to the action of the 
rotating torque so that the rotating torque is detected 
through the relative angular displacement. 

10 The relative angular displacement can be detected 

with such a structure as described below (for instance, 
see Patent Document 1). For instance, detecting rings 
are respectively externally fitted and fixed to parts 
near the connecting part of both first and the second 

15 shafts. A sensor coil (sensor part) is internally fitted 
and held so as to enclose the opposed parts of the detecting 
rings in a sensor holding hole provided inside a tubular 
housing for supporting the column shaft to form a magnetic 
circuit passing the opposed parts of the detecting rings 

20 by supplying coil current to the sensor coil- Thus, the 
change of the opposed relation of the respective detecting 
rings corresponding to the relative angular displacement 
between the first and second shafts due to the operation 
of the rotating torque is taken out as the change of 

25 impedance of the sensor coil in accordance with the 
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increase or decrease of the magnetic resistance of the 
magnetic circuit through a circuit board attached to the 
inner part of a board chamber which is isolated from the 
sensor holding hole inside the housing (for instance, 
5 see Patent Document 1) . 

The board chamber to which the circuit board is 
attached communicates with the inner part of the sensor 
holding hole through a lead hole passing through a 
10 partition wall between the sensor holding hole and the 
board chamber- The sensor coil is connected to the 
circuit board through a connecting lead extended from 
the sensor coil, inserted into the lead hole and guided 
to the board chamber . 

Patent Document 1 
JP-B-7-21433 

The attachment of the torque detector constructed 
20 as described above is realized in such a procedure as 
described below. The sensor coil as the sensor part is 
fitted to the inner part of the sensor holding hole and 
fixed and held at a prescribed position. The circuit 
board is attached to the board chamber inside the housing. 
25 The circuit board is connected to the sensor coil through 
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the connecting lead inserted into the lead hole as 
described above* 

However/ in the above-described attaching procedure, 
5 the sensor coil is fitted to the inner part of the sensor 
holding hole via an opening part at one side in the 
longitudinal direction. The circuit board is attached 
to the inner part of the board chamber from outside in 
the diametrical direction of the housing. These 
10 operations are carried out in separate processes. In 
addition thereto, during these operations, an operation 
for connecting the connecting lead inserted into the lead 
hole to the circuit board has to be done and a large number 
of attaching processes are inconveniently required, 

15 

The housing to which the sgtisqx coil and the circuit 
board are attached is ordinarily made of aluminum casting 
for the purpose of achieving a lightweight. The after- 
treatment of the sensor holding hole for internally 

20 fitting and holding the sensor coil, the board chamber 
to which the circuit board is attached and the lead hole 
through which both the members communicate with each other 
is necessary. Many processes are undesirably required 
to work them. Further, the output of the torque detector 

25 taken out from the sensor coil through the circuit board 
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is affected by external electromagnetic noise generated 
in an engine, devices mounted on a vehicle or the like. 
Thus, there is a fear that detection accuracy may be 
possibly deteriorated • 

5 

The torque detector used for detecting the rotating 
torque exerted on the steering member in the electric 
power steering apparatus is not limited to the. above- 
described structure including the detecting rings 

10 externally fitted and fixed to the column shaft and the 
sensor coll internally fitted and held in the sensor 
holding hole of the housing. The torque detector is put 
to practical use in various kinds of structures. In any 
of the structures, the sensor part held in the sensor 

15 holding hole of the housing is connected to the circuit 
board attached to the inner part of the board chamber 
isolated from the sensor holding hole. The output of the 
sensor part is taken out through the circuit board. The 
output of the sensor part held in the sensor holding hole 

20 of the housing is taken out through the circuit board 
attached to the outer side of the housing. Accordingly, 
it is an important purpose to easily attach the sensor 
part and the circuit board to the housing, reduce the 
number of working processes of the housing for attaching 

25 them and prevent the deterioration of detection accuracy 
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due to the influence of electromagnetic noise. 

SUMMARY OF THE INVENTION 
The present invention is proposed by considering the 
5 above-described circumstances. It is an object of the 
present invention to provide a torque detector in which 
a sensor part and a circuit board of the torque detector 
can be easily attached to a housing and the housing can 
be easily worked for attaching these members, the 
10 influence of electromagnetic noise can be reduced under 
its using state as much as possible and torque can be 
highly accurately detected, and a method of manufacturing 
the housing of the torque detector. 

In order to solve the aforesaid object, the invention 
15 is characterized by having the following arrangement. 
(1) A torque detector comprising: 

a monolithic tubular housing for supporting a 
rotating shaft, including an opening at one end in a 
longitudinal direct ion ; 
20 a sensor holding hole for holding a sensor part 

detecting a rotating torque exerted on the rotating shaft, 
which is provided inside the housing and communicates 
with the opening; 

a board chamber for accommodating a circuit board 
25 outputting a signal corresponding to the detected 
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rotating torque/ which is provided inside the housing 
and communicates with the opening; 

a partition wall between the sensor holding hole 
and the board chamber; and 
5 a lead hole passing through the partition wall, into 

which a lead connecting the sensor part to the circuit 
board is inserted and which communicates with the opening, 

wherein the housing is formed by drawing a sheet 
material in the longitudinal direction* 

10 

(2) A torque detector according to (1) , wherein the 
housing is made of steel. 

(3) A torque detector according to (1), wherein the. 
15 housing includes a flange formed around the opening. 

(4) A method of manufacturing a housing of a torque 
detector which includes a sensor holding hole for holding 
a sensor part detecting a rotating torque exerted on the 

20 rotating shaft, a board chamber for accommodating a 
circuit board outputting a signal corresponding to the 
detected rotating torque, a partition wall between the 
sensor holding hole and the board chamber, and a lead 
hole passing through the partition wall, into which a 

25 lead connecting the sensor part to the circuit board is 
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inserted, the method comprising the steps of: 

providing a sheet material as a material of the 

housing, a female mold for forming an outer surface shape 

of the housing and a male mold for forming an inner surface 
5 shape of the housing; 

arranging the sheet material between the female and 

male molds; and 

pushing the male mold into the female mold so as 

to forming the sheet material into the housing so that 
lO the sensor holding hole, the board chamber and the lead 

hole respectively extend in the pushing direction and 

communicate with each other. 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 Fig. 1 is a longitudinally sectional view showing 

the structure of a torque detector according to the present 
invention . 

Pig. 2 is a perspective view schematically showing 
the outward appearance of a sensor housing. 
20 Figs. 3A and 3B are explanatory views showing a 

procedure of forming the s&nsor housing. 

Fig. 4 is an explanatory view for explaining a 
procedure of attaching a sensor coil and a circuit board 
to the sensor housing. 

25 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Now, art embodiment according to the present invention 
will be described In detail with reference to the drawings . 
Fig- 1 is a longitudinally sectional view showing the 
5 structure of a torque detector according to the present 
invention- In Fig. 1, an example applied to an electric 
power steering apparatus is shown. The torque detector 
1 is designed to detect a rotating torque exerted on a 
column shaft (rotating shaft) 2 supported in a tubular 
10 sensor housing 3 so as to freely rotate. 

The column shaft 2 is divided into a first shaft 21 
and a second shaft 22 connected to each other in a coaxial 
direction through a torsion bar 20 having a small diameter- 

15 The end part of the first shaft 21 protruding to one side 
of the sensor housing 3 is connected to a steering member 
not shown. The end part of the second shaft 22 protrudes 
to the other side of a transmitting housing 4 at the same 
one side of the sensor housing 3 and is connected to a 

20 steering mechanism not shown. 

In the above-described structure, the first shaft 
21 and the second shaft 22 can integrally rotate by the 
action of the rotating torque exerted on the column shaft 
25 2 in accordance with the rotating operation of the steering 
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member. The rotating operation of the steering member 
for steerage is transmitted to the steering mechanism 
and a steering is done by the operation of the steering 
mechanism- At this time, the torsion bar 20 for 
connecting the first and second shafts 21 and 22 together 
is displaced by the action of the rotating torque to 
generate a relative angular displacement corresponding 
to the displacement of the torsion bar 20 between the 
first shaft 21 and the second shaft 22- Since the 
direction and magnitude of the relative angular 
displacement correspond to the direction and magnitude 
of the rotating torque, the rotating torque exerted on 
the steering member can be detected on the basis of the 
relative angular displacement between -both the shafts 
21 and 22 . 

To parts near the connecting part of the first shaft 
21 and the second shaft 22, cylindrical detecting rings 
11 and 12 are respectively externally fitted and fixed. 
On opposed end faces of the detecting rings 11 and 12 
which are opposed to each other with a space of a 
substantially prescribed air gap, a plurality of tooth 
parts are respectively arranged in parallel so that their 
halves are respectively opposed in the circumference 
direction. Outside the detecting rings 11 and 12, a 
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sensor coil (sensor part) 10 internally fitted and held 
in the sensor housing 3 is disposed so as to enclose the 
opposed parts of both the rings 11 and 12 . These detecting 
rings 11 and 12 and the sensor coil 10 form the torque 
5 detector 1 . 

The torque detector 1 forms a magnetic circuit 
passing the tooth parts formed in the opposed end faces 
of the detecting rings 11 and 12 by supplying coil current 

10 to the sensor coil 10. Thus, the torque detector detects 
the relative angular displacement between the first shaft 
21 and the second shaft 22 due to the action, of steering 
torque by using the increase or decrease of the magnetic 
resistance of the magnetic circuit generated in 

15 accordance with the change of the opposed relation of 
the tooth parts of the detecting rings 11 and 12 rotating 
integrally with these shafts. Thus, the change of 
impedance of the sensor coil 10 is taken out as an output. 

20 Inside the sensor housing 3, a board chamber 30 is 

integrally formed so as to correspond to the holding 
position of the sensor coil 10. A circuit board 5 having 
a feeder circuit and an output processing circuit is 
accommodated in the board chamber 30. The sensor coil 

25 10 has a connecting lead 13 protruding at one position 
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in the circumference direction. The sensor coil 10 is 
connected to the circuit board 5 through the lead 13 
inserted into a lead hole 31 passing through a partition 
wall between the board chamber 30 and a sensor holding 
5 hole 32. Thus, coil current is fed to the sensor coil 
10 and the impedance of the sensor coil 10 is taken out 
through the circuit board 5- 

A worm gear transmission device 6 is formed in the 
10 transmitting housing 4 connected to the sensor housing 
3 . The worm gear transmission device includes a worm wheel 
60 externally fitted and fixed to the intermediate part 
of the second shaft 22 and a worm 61 tangentially engaging 
with tooth parts on the outer periphery of the worm wheel 
15 60. A motor 7 for assisting a steering is attached to 
the outer peripheral part of the transmitting housing 
4. The output shaft of the motor 7 extending to the inner 
part of the transmitting housing 4 is connected to one 
end of the worm 61 in the coaxial direction. 

20 

The motor 7 for assisting a steering is controlled 
and driven on the basis of the detected result of the 
steering torque by the torque detector 1 formed as 
mentioned above. The rotation of the motor 7 driven in 
25 such a way is transmitted to the column shaft 2 (second 

12 
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shaft 22) via a reduction by the worm gear transmission 
device 6 having the worm 61 and the worm wheel 60- The 
rotation of the column shaft 2 is transmitted to the 
steering mechanism to assist a steering transfer 
5 performed by the operation of the steering mechanism. 

The feature of the torque detector 1 according to 
the present invention resides in the structure of the 
sensor housing 3 which holds the sensor coil 10 as the 
10 sensor part and to which the circuit board 5 is attached. 
Fig. 2 is a perspective view schematically showing the 
outward appearance of the sensor housing 3. 

As shown in Fig, 2, the sensor housing 3 has a 
15 cylindrical form having the s^tisot holding hole 32 for 
holding the sensor coil 10 at its axis part. At one end 
part in the longitudinal direction, a connecting flange 
33 for connecting the transmitting housing 4 to the sensor 
housing is provided. Further, in the sensor housing 3, 
20 the board chamber 30 formed in a rectangular box shape 
for accommodating the circuit board 5 is provided at one 
position in the circumference direction. The board 
chamber 30 is allowed to communicate with the sensor 
holding hole 32 in an inner side through the lead hole 
25 31 passing through the partition wall between the board 
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chamber and the sensor holding hole 32. 

In the present invention, the board chamber 30 is 
extended to the connecting side to the transmitting 
5 housing 4 throughout its entire width and communicates 
with a rectangular opening 30a opened on the flange surface 
of the connecting flange 33 at the same side. Further, 
the lead hole 31 is a slot extended to the connecting 
side to the transmitting housing 4 and communicates with 
10 a groove-shaped opening 31a opened on the flange surface 
of the connecting flange 33 at the same side throughout 
its entire width. 

The above-described sensor housing 3 has a cup form 
15 extended from one side in the longitudinal direction, 
that is, the flange surface side of the connecting flange 
33 toward the other side. Further, the board chamber 30 
and the lead hole 31 provided at one position in the 
circumference direction communicate with the flange 
20 surface, so that they can be considered to be one part 
of the cup form. 

Figs. 3A and 3B is an explanatory view for showing 
a procedure of forming the sensor housing 3. As shown 
25 in Fig. 3A, an annular sheet material 3a with a thickness 
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corresponding to the maximum thickness of the connecting 
flange 33 is used as a material. The inner peripheral 
part of the sheet material 3a is opposed to one side of 
a female mold 3b corresponding to an outer surface shape 
5 after forming- A male mold 3c corresponding to an inner 
surface shape after molding is positioned in a coaxial 
direction in the side opposite to the opposed part- The 
male mold 3c is pushed into the female mold 3b as shown 
by arrow marks in Fig. 3A to draw and deform the inner 
10 peripheral part of the sheet material 3a between both 
the molds 3b and 3c by a well-known drawing (deep drawing) 
process. Thus, the sensor housing 3 having the cup form 
as described above is formed integrally with the board 
chamber 30 and the lead hole 31 as shown in Fig. 3B, 

15 

In the sensor housing 3 subjected to the drawing 
process as described above, the sensor holding hole 32 
and the board chamber 30 are formed with a high form 
accuracy ccr responding to those of the female mold 3b 

20 and the male mold 3c. Thus, an after-treatment for 
attaching the sensor coil 10 and the circuit board 5 to 
the sensor housing is not necessary. Further, since the 
lead hole 31 through which the sensor holding hole 32 
communicates with the board chamber 30 is also formed 

25 integrally therewith, the lead hole 31 does not need to 
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be worked* Further, the outer peripheral part of the 
sheet material 3a used as the material can be used as 
the connecting flange 33 accurately perpendicular to the 
axis of the sensor holding hole 32. The after-treatment 
5 of the flange surface of the connecting flange 33 is not 
necessary* Since the sensor housing 3 formed by the 
drawing process is used in the torque detector 1 according 
to the present invention as described above, processes 
required before the sensor coil 10 and the circuit board 
10 5 are attached to the sensor housing can be extremely 
reduced. 



Fig. 4 is an explanatory view for explaining a 
procedure of attaching the sensor coil 10 and the circuit 

15 board 5 to the sensor housing 3 formed as mentioned above. 
The sonsox housing 3 includes/ as shown in Fig. 2 , the 
sensor holding hole 32 and the board chamber 30 opened 
to the flange surface of the connecting flange 33. The 
lead hole 31 through which the sensor holding hole and 

20 the board chamber communicate with each other also 
communicates with the flange surface. As shown by a solid 
line in Fig. 4, the sensor coil 10 is previously connected 
to the circuit board 5 through the lead 13* As shown by 
arrow marks in Fig. 4, the sensor coil 10 is internally 

25 fitted to the sensor holding hole 32. At the same time, 
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while the lead 13 is inserted into the lead hole 31 through 
the opening 31a provided on the flange surface, the circuit 
board 5 is inserted into the board chamber 30 through 
the opening 30a provided on the flange surface. The end 
face of the sensor coil 10 is allowed to abut on a step 
part 34 provided in the interior side of the sensor holding 
hole 32. Thus, as shown by two-dot-chain lines in Fig, 
4, an attachment is completed. 

In the above-described attaching procedure, since 
the sensor coil 10 is previously connected to the circuit 
board 5 outside the sensor housing 3, a connection is 
made easy and can be assuredly carried out. Further, the 
sensor coil 10 formed integrally with the circuit board 
5 in such a connection can be attached to the sensor housing 
by a process of pushing them into the sensor housing 3 
from one side in the longitudinal direction. Therefore, 
the number of attaching processes can be greatly reduced. 

Since the circuit board 5 inserted into the board 
chamber 30 is supported by the sensor coil 10 through 
the lead 13, the circuit board 5 does not always need 
to be fixed in the board chamber 30. However, when the 
circuit board is applied to the electric power steering 
apparatus, there is a fear that a connection failure may 
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possibly occur in the connecting part to the lead 13 with 
the lapse of time due to an external operation such as 
a vibration during running. Thus, preferably, after the 
attachment of the sensor coil and the circuit board to 
5 the sensor housing, the circuit board 5 may be loosely 
fixed in the board chamber 30 by inserting a spacer into 
a space generated between the circuit board 5 and the 
inner surface of the board chamber 30, far instance. 

10 After the above-described attachment, the openings 

30a and 31a of the board chamber 30 and the lead hole 
31 communicating with the flange surface of the connecting 
flange 33 are closed by a spacer board 8 interposed between 
the transmitting housing 4 connected to the sensor housing 

15 3 through the connecting flange 33 and the sensor housing 
3, as shown in Fig. 1. Thus, the torque detector 1 in 
the sensor housing 3 is isolated from the worm gear 
transmission device 6 in the transmitting housing 4. The 
spacer board 8 also serves as a bearing supporter for 

20 supporting the intermediate part of the second shaft 22 
as shown in Fig . 1 . 

The sensor housing 3 formed by the deep drawing process 
as described above can have its thickness reduced and 
25 can be made of steel without increasing its weight. Thus , 
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even when the sensor housing is applied to the electric 
power steering apparatus, the influence of external 
electromagnetic noise generated from an engine, devices 
mounted on a vehicle or the like applied to the sensor 
5 coil 10 and the circuit board 5 can be suppressed to a 
negligible degree. Accordingly, torque can be highly 
accurately detected- The sensor housing 3 made of a 
magnetic material can reduce the influence of the 
electromagnetic noise. As described above, the sensor 
10 housing is made of steel, so that additional effects that 
an adequate strength can be ensured and a cost can be 
lowered can be obtained. 

In the above-described embodiment, although the 
15 board chamber 30 for accommodating the circuit board 5 
is provided as a chamber whose top surface is closed, 
the top surface of the board chamber 30 may be opened. 
And the opening part may be formed closable by a suitable 
cover so that the maintenance and the replacement of the 
20 circuit board 5 may be performed. The board chamber 30 
whose top surface is opened can be realized in such a 
manner that, for instance, the top plate of the board 
chamber 30 is formed to be thin upon forming the board 
chamber by a drawing process and a little work of slightly 
25 cutting the top plate after forming the board chamber 
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is performed. 

Further, the torque detector 1 is not limited to 
the structure shown in the drawings in which the relative 
5 angular displacement between the first and second shafts 
forming the column shaft 2 is taken out as the change 
of impedance of the sensor coil 10 as the sensor part. 
Further, the torque detector 1 may be realized by other 
structures. It is to be understood that even when these 
10 structures are employed, the same effects can be obtained 
by the above-described structure of the sensor housing 
3 including the sensor holding hole to which the sensor 
part is internally fitted and held and the board chamber 
for accommodating the circuit board. 

15 

Further, in the above-described embodiment, although 
the torque detector used in the electric power steering 
apparatus is explained, the present invention may be 
applied to all torque detectors used for detecting the 
20 rotating torque exerted on rotating shafts in various 
industrial fields . 

As specifically described above, in the torque 
detector according to the present invention, since the 
25 sensor holding hole for internally fitting and holding 

20 
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the sensor part, the board chamber and the lead hole are 
formed integrally by a drawing work, the present invention 
achieves excellent effects as described below. That is, 
a work necessary for attaching the sensor part and the 
5 circuit board to the sensor housing is reduced. Further, 
the. sensor part and the circuit board can be attached 
while they are previously connected together, so that 
the number of works and assembling works can be reduced. 
Further, the sensor housing can be made of steel without 
10 greatly increasing its weight. The influence of 
electromagnetic noise under a using state can be reduced 
and torque can be highly accurately detected. 



21 



